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'_I'hank you, Mr. Chairman, Gentlemen of the Convention.
. I feel a little bit diffident =~ it's incumbent on me to .get up here and say
something worthy of this laudatory introduction that .your Chairman has just

. given. I can't quite think of anything appropriate except I recall an old saying
attributed to Bill Nye many years ago about the need for knowledge, and he
said, "It ain't ignorance that keeps the world behind; it's knowing so damned
many things that ain't so." Of course some of us haven't found out all the
facts and can console ourselves with some such excuse from time to time.

Well, I was told to make this snappy and get through here, so I'll move
along as rapidly as I can. I brought some equipment which at first I considered
demonstrating, but, in the interest of saving time, I'll not do that. And, we'll
start in with the slides rather quickly. Preliminary to this I'll say that the
purl;)ose of this’ discussion is to describe this so~called sand equivalent test,
and it might be v%rell to attempt to explain why we use this term, - '
. ' This particular development, this test, is the outcome of some 20 or 30
different devices which we worked with over a period of some two or three
yvears before we settled on this one, and we had it va,rious.ly called the plastic
index, the plastic ratio and one thing and another. I've always had a dislike
for the Bureau of Public Roads plasticity index determination, the so-called
p.i. determination, because it is not a measure of plasticity. It's simply an
arbitrary moisture content between two arbitrary limits one of which is deter-
mined by rolling out soils by hand. In other words, if it were a measure of
plasticity, you could measure the plasticity of anything; but just try a wad of
putty with a P- i, test and see what you come out with. Putty is definitely a
. plastic material. We decided we wouldn't call this a plasticity test either;
but groping around for something, we concluded that all soils, natural materi-
als, can generally be reduced to a range of sizes. If you separate them and

wash them out, you will find that they contain a fraction of coarser particles
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generally called sand. ther fra.ctiéns of finer particles are called something
else. In other words, if you l'.;re'a.k big rocks downinto smaller ones, youcall the
larger particles coarse rock; and when you get down to a certain size, you call
it sand; and when you break them down f_urther, you qall them filler dust. By
calling these fractions different names, there is a tendency to imagine that
they obligingly take on different propertiés because you call them something
different. But, actually, all we're talking about is fragmentary matter --
particles of stone, sand grains or earthy materials of various sizes. And

this 'subject today deals with a test for identifying some of the characteristics

“of' some of the smaller sizes.

May we have the first slide, pPlease?

This is one of California's outstanding highways and I might say I had
to hunt around to find this one here; but I thought it was only proper -- (in
view of the gentlemen from Florida and Texas here) ~- to show them what we
can do out in the Far We ét-.

This project was the cause of my getting shaken out of a fairly com-

fortable job as resident engineer. Not that I was resident engineer on this
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job, but my move into the laboratory came about because of the great contro-

versy that developed between the construction people and the laboratory as to

the reason for this trouble. And, without going into all the ramifications,

there were many reasons. Essentially, we found out after much investigation
that every single particle of sand and codrse aggregate in this mixture was
coated with a layer of clay, clinging very tenaciously to it, with the result
that a dry sieve analysis (which was common at the time this work was done)
gave about 4% minus 200 a.nd the wash analysis gave 15. This clay content
had the effect of drying up the mix., We had 22 miles of this sort of pavernerit

which was a little disturbing, even-to us careless people out in the Far West.

(QUESTION FROM AUDIENCE): May I ;g;mmi%’
W??%.?%
ask a question? ”gﬁn%g:%

MR. HVEEM: Yes.

(QUESTION FROM AUDIENCE): How
much per cent would that be 200 of?

MR. HVEEM: Well, dry sieve analysis
3 and by wash 15, Next slide, please.

This is a sample of the material sepa-

rated into the sieve sizes. These are the old

g«%%ﬁ itz

e

style sieves used at the time but should serve il
suﬁ §§Q‘§; w@?‘@%‘
. . + . ”§§ z? §§§
to give you visually a picture of the relative zgw o §”

volumes of the various sizes including the so~ .
called wash fraction, the #200 to #270 and the
other sizes up the line characteristic of this
material, Next, please,

Then the question came to our mind as

we worked in the laboratory, '"Was this dust

like any other dust or was it somehow peculiar,
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or what?'" We didn't know what the
other dusts were. We scrounged l
around and gathered up all the
loose samples of dust we had and
weighed out 100 grams of each
thoroughly.dried and put them in
these glass cylinders; then shook

them down to a constant state.

There are 100 grams of dust in

. Basalt ey DRalsmichs Cain

uik Valymrs.of 00 Rewma 1 Fillir Durt

each one of these. I don't think
it's necessary to belabor the point, but when you say 5% of dust, or 6% or 2%,
it makes a heck of a lot of aifferénce what dust you're talking about as to how
much dust you are going to have. Next, please.

Then we wondered, of course, if the same thing is true of coafse aggre-
‘. '_ga_!:e._ .So we gathered up some materials of different specific gravity -- on
| I | | the left you have 2. 33 and in the
center, normal material of 2. 67,
and on the right a rather heavy

one at 3, 58. KEach one of these

s

Yok

»i&%f
i
s

WM&
G

has the identical gradation. If

7
i

you were to look at the grading

on a chart, they would be exactly

the same, and the weight would
be the same. So, on paper, there
would be nothing to tell you that
you are dealing with a vastly dif-

T ferent guantity of material on the
nggﬁf}"ﬁ“’% Vi

o g R 1eft sample than you are on the

right. Next, please.
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So, just to make the thing
complicated, we made up some
more samples. Four samples
still with the identical gradation,
exactly the same percentages in
each. This is what happens when
you combine materials of both
light and heavy specific gravity.

i 9.
S5 4 S R ST R
: : ! e

et by 3 0L B

I am not here discussing the
problems of absolute volumes and aggregate gradation today, so will skip
lightly over it, but note that at the bottom of the graduates, the varying vol-
umes of dust which exist, all of which would be expressed as the same per-
centage say four or five per cent of minus 200 dust. Next, please.

So, pursuing this thing

. scientifically, we took to reading
books about clays and things like
that and ran across the work of
Dr. Grim and his cohorts, who
were investigating the phenomena
of molding sands mixed with dif-

ferent types of clay. They ex-

amined these through a micro~

scope and made these drawings. This is the appearance of sand grains

coated with montmorillionite clay, or bentonite. Notice the extremely uniform,
. tightly placed coating of these platelettes. They said they could not get a photo~

graph of this so it was necessary to make a drawing, and this is what they

cotld see through the microscope.

Next, please.
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And kaolinite, on the other
hand, produced a pattern like
this -- the sand grains very poorly
covered, irregular and lumpy clay
particles. Some of the marked
differences in lubricating proper-
ties produced by these clays in a

mass of sand might seem to be

+ explained by this markedly different appearance of the intimate films of clay

on the sand grains.
Anvhow, we are getting pretiy long-haired about this so we had better

stop and remind ourselves that we must deal with engineers and practical

problems; so we decided to get down to earth. Next, please.

So we concluded that it might be illuminating if we were to put some

sand and soil mixtures in a cylinder filled with water and shake it up. A few
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field men have long been accustomed to putting a handful of sand in a milk
bottle, shaking it up and looking at it. So all we added to this technique was

a little irrigating tube that we could push down into the graduate with a stream
of liquid flowing out of it to flush all of the mud and clay out of sand in the
bottom of the graduate and into the superimposed liquid so we could get a
clean separation from the sand of anything that would float or stay suspended
in the water. Next, please.

Here, you can clearly see a sharp color
distinction -- the line of demarcation between
the sand layer and the clay, but unfortunately
most of the materials we deal with do not have
this visible demarcation and by appearance they
shade from one gradually into the other. So we
decided that "sand" would be anything that would
support this weight. We dropped a '"depth
gauge' with a 1000 gram weight down in through

the clay suspension and wherever that weight

rested, everything below that was sand, by
definition. Next, please.

So, remembering about Kaolinite and
Bentonite, we took some sand and put 20%
‘of Kaolinite in the graduate on the left, and
in the center one we mixed half Kaolinite
and half Bentonite,‘ and on the right, 20%
‘Bentonite. Each of these cylinciers has the
same amount of sand and the same amount
of clay in it by weight.

Next please,
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This slide shows the relative volumes
a little more clearly because of the color
contrast. So, these three samples in a solu-
tion of calcium chloride in water were shaken
up and allowed to settle for the same length
of time. Here, it is obvious that with the
sa.rhe weight percentage of clay you get a
vastly different-a.pparent volume after a
certain i)eriod of sedimentation, depending
upon the nature of the material as well as
the quantity of it.

So, at this point you begin to wonder

o Wha.t are the effects of these clays on the sands. We decided we had better

“run a'lot of stability tests to find out. Next please.

Then we discovered that 5% of
wet Bentonitic clay mixed with sand
would produce the same reduction in
stability as would be caused by 21% of

Kaolinite. In other words, the lubri-

cating potential of Bentonite or

Montmorillionite clay is vastly more
sérious than is Kaolinite, so it wasn't
enough to say that you just had so
‘much clay in there. You would have
to have an idea of what kind of clay

you're talking about. Next slide please
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Anyway, after we had developed this thing to this point, (we had a test

of sorts and had carried our technology on to the high level for which Cali-
fornia is famous) we were c:onfrbnted with a road like this on the main line
between the State Capitol and San Francisco. The news about this novel pave-
ment seemed to spread widely over the State - just how it was carried is not
clear -- some thought the Portland Cement Association mentioned it here and
there, but this of course is just pure suspicion. Newvertheless, there were
unreasonable people who came to us and demanded to know why these things
should exist, Fortunately, we now had the sand equivalent test so we rushed
down and got somée samples of the material and showed tha.i: none of it would
meet the sand equivalent test because the materials from this quarry were
coated with a film of clay. We immediately put a2 sand equivalent requirement
in our specifications and the contractor put in a washing plant and washed his
material clean so we never had this type of failure again. This job was the

occasion for the introduction of the Sand Equivalent test into our specifications.
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The first slide you saw showed an ord~ina.ry' Sc2-road oil mixture. This
slide  shows a job in which 50 penetratioﬁ asphalt was used, and of course,
like most failures, it was not due to one simple cause. This road was put
down, rolled and left for two months before it was opened to'traffic. The day
they turned the traffic on there was a tremendous downpour of rain, and the

road had never been sealed up by pneumatic-tired traffic. We now require

‘all of these jobs to have a pneumatic roller on them; but at that time, we did
‘not make it mandatory. Nevertheless, one primary factor was this clay coat-

ing on all of the sand grains even though this aggregate met all of the grading

va:.nalysis requirements in passing #200 and all that sort of thing. Next please.
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t\
80 - :

* \\\\ Crusher dust

WV a '

§ 60 ' - \_/\\

Em}- :

Ny - Natural dust \

S | N

3 N
20

Q
o 2 4 & a8 10 2 4

Percent Passing
Mo 200 Sieve

-Effect of dust on the sand equivalent of
plant-mixed-surfacing fine aggregate, Sample 52-2745.

Getting back now to “‘the sand equivalent test -- this slide shows a chart
where the vertical scale represents various sand equivalent values and the
horizontal scale the percentage of fines passing #200 sieve. You can see that

for a given amount, say 10% passing 200, we get a sand equivalent value of
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about 45 for natural dust, whereas crusher dust in the same quantity passing

#200 gives a much higher test value. Here is evidence showing the ability of

the test to discriminate between ground rock particles and material that prob-

ably contains some clay, organic material, or what have you. Next please.

This slide shows the effects of
fineness alone. This dust was made in
a l'abbratory ball mill and ground to dif-
ferent degrees of fineness. The upper
curve is dust ground fo produce a sur-
face area of 3400 s.quare centimeters
per gram, and the lower one is ground
finer to produce about 5,000 sqﬁare
centimeters per gram, Referring to
the left hand scale, if there is no dust
in the sand, you get 100 sand equiva-
lent. Where the entire sample is dust,

you get the same value for both, but

\

N
[
‘Eﬁc \ A- Coorse Ground Dust ]
% \ Surfoce Area = 3440 cm %
&
EON
o
S \\
W \\
™
20 <]
B-Fine Ground Du;&%
Surface Area=5000¢cm < l
] .
% 26 35 0 36 100
Percenf Quarfz Dusf
100 -1z} <40 o

Percc'nf Otfowa .Sand
Quatrtz dust and Ottawa sand: Effect of

particle size on the sand equivalent, (Tests made with

ground quartz dust.)

intermediately you get a distinction in the sand equivalent test depending on

the fineness of the dust. Next please.
This slide shows much more pro-
found differences. Here we have a va-
riety of materials, including quartz dust
and limestone dust. Near the left bound-
ary are the curves for two types of clay,

and you can see that as little as 5% of

Bentonite will produce a sand equivalent .

- value that is as low as would be regis-~

tered by 50% of ground rock dust. So
here we see the great virtue of the sand

equivalent test because the ordinary
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Sand Equivalent

\‘ \cv— vortz Dust #/

AN

LY X

3 1]
== i
A

\ Colton Limesfone Dust
\ !
i ' "(\
§ \ )
I
3 | $¥Benfonite\ ‘\

,‘6‘:&% 1 ,\‘\\\.

N Kaatinite - 5 TN
| ~S

Bon

7 Quartz Dust #2// | B~
I P

""'--"'\

7020 30 40 36 60 70 @80 90 00
Percent Clay or Dust

100 30 &0 70 60 S50 40 3020 lo ©

Percent Otfawe Sond by Weight

Effect of various fine materials on the
sand equivalent.


http://www.fastio.com/

' e

ClibPD

‘horizontal dashes to the lower left,

s:pecificatioﬁ limiting the amount of passing #200 makes no distinction what-

soever as to the nature of this traction. Next please.

Dealing with untreated mater- : ' LEGEND
_ g Major Component
jals for the moment, this is a ver- 8 Sand|Silt |Clay
SPendy) © | ¢ | &
Iy
tical scale of the sand equivalent %g;::':y : ; -
values. Horizontal is the Resistance ! \ d ]
: ®
9 gy
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- - Qo —
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' 3 Y o \ T8 ;
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{_pe"] : hd i/ ¢
20 to 25, R values are liable to be ¢ : ¢ % -
L \ /i o P ,
. — - + I
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very low ones, indicated by the little ,
: : Resistance Volve
Sand equivalent versus résistance value.

are all fine clay-like materials - low in sand equivalent and when met, are in-

variably low in stability or R value.

The sand equivalent test for crusher run bases and untreated rock bases,
loses its definition in the realm of 20 to 25 S.E. value. We set the value of 30
és the minimum for gravel bases. On the left hand scale are typical values
that we now specify for different purposes, For concrete sand our present
specification is 75 minimum. For g.spha.ltic mixtures we require sand to be
in the range of 45 - 55 and fo,\r untreated rock 30. Therefore, the test is ap-
plied for three different ?urposes.

This then is an illustration of the manner of performing the test. I have
here a typical kit showing the tubes and the apparatus required and we have

here a shaking dgviée developed by Leif Ericson of the Idaho State Highway

www fastio.com
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Department, which is an extremely ingenious device and has the virtue of sim-

plicity and relatively low cost to construct.

We'll now have a break and show the motion picture which will illustrate

the techniques of performing the test and I'll follow up with a few slides to

show the comparisons between the results in the hand operation and the me-

chanical shaking. I haven't tried to describe the tests because I thought this

film would do it more expeditiously than I can do by talking.

www fastio.com

SHOWING OF FILM WITH COMMENTARY BY MR. HVEEM

You are supposed to visualize people loading a sample in a sample
bag, hauling it in, throwing it out of a pick-up truck onto the laboratory
platform, dropping it on the floor and doing all of these things up to this
point. Now, I want to show you wha.t happens in this bag.

Of course, if the Auditor General finds us cuiting sample bags like
this, we'll probably have to answer to somebody.-

You are supposed to note on his right hand -~ your left -- the col-
lection of fines in the bottom of the bag compared to the coarse material
itself, showing that it is a very inadequate method to dip a scoop down
into a bag of material and come out with a small portion of it and run a
test on it. This process is absolutely essential to be sure that they are
getting samples that are representative, In this case, we sieve the en-
tire quantity. We since decided to furnish him some laboratory equip-
ment, so he wouldn't have to use his pocket knife for this sort of thing.
He doesn't show you what he's going to do; he takes it off and puts it in
a special tumbler drum, which we use to shake the fines and dust from
the sand. This is a subjéct which I would not want to go into with the
laboratory -~ as to hOW_ do you get all the dust and clay off an aggregate
without altering the material. This is quite a subject in itself. At any
rate ybu are supposed to.do this. All laboratory men know how, but they

all do it differently.
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Actually, the only v;ay to do this properly is to take the whole
shooting works and wash it, collect all the wash water, dry all the water
out, and collect the mud é; day or two later. But this is very time con-

- suming. What he has here is an ordinary, small size sample splitter --
riffle splitter. We have more efficient splitters than this, but this is
the type that is readily ax}ailable.

If we are going to check result.s, we cannot over-emphasize to any

one who wishes to undertake to operate this test that you must use care

'to be sure that the sample you are going to test is representative; if you

‘are going to try to get check results, both of the samples must be taken

. -out as carefully as possible. You have a very small sample for the test,

‘and if it is not representative, you have something that is worse than

. ;useless.

We generally attempt to come out with a quantity that will fill four
of these little tins. There is no ‘Waste in this test. It is based on vol-
umes and an attempt is made to fill these small ointment tins up to the
‘same loose volume of méterial. This is the kit such as you see here on
the table in front. This fs the package for shipping to our resident en-
gineers and field men. It contains everything necessary except a large
lgallo'n jug for dispensing ‘sollutions, a bottle of concentrate with the kit,
that is what you dilute with to produce a working sclution,

These cylinders are made of plastic. We are not able to obtain
glass cylinders that are fi‘ue in diameter; also these are much more
rugged and less subject to damage.

This is supposedly around 36 inches above the table height, He
now introduces enough of"lthe solution whicfl is a calcium chloride with
a little bit of formaldehyde. The Vpurpose here was to aid in dispersing
the sample rather than trying to pour the liquid in on the dry sample.

We thought it was more éxpeditious to pour the dry material down into

wavwlastio.com
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the liquid where the resulting disturbaﬁce would speed up the dispersion
and the wetting of the sample.

You are supposed to allow this to stand now for a period of time,
according to the test procedure, but these are telescoped in time to rep-
resent a 10-minute soaking period. The results will va.ry.with the length
of soaking time. If you start out with a damp sample, the sand equivaleﬁt
results will usually be a little higher than if you start with a dry one.
This other man has been doing the same thing. He shows up here sud-
denly now'to show you the difference between the two operators. You
see some slow motion pictures of the shaking. They have 90 strokes.
You are looking at a timer up there. If you watch the wrist, you will see
that the one fellow is much more rapid in the one direction than he is in
the other. It is all rather mysterious. We wondered for a while how
they could effect the differences - the same number of shakes, done as
carefully as possible and yet come up with different answers.

At this point now; the sample is allowed to stand for 20 minutes
for sedimentation -- no, I am ahead of myself. He first has to irrigate
it, and this brass tube has #60 drill holes bored in at right angles. He
washes the material from the sides and churns it around. About the
only thing that requires anything approaching skill is this operation of
being able to stab down through the sand, twisting the irrigator tube as
you haa.re to wash the sand clean of all clay and get it out before the grad-
uate is filled up beyond the 15-inch mé,rk. It is certainly by no means
difficult, but the washing must be accomplished with this amount of lig-
uid. It is brought to a precise level and then set aside and allowed to
stand for 20 minutes. .. so if you will compose yourselves now for 20
ﬁinutes.

This time is purely arbitrary; it might have been anything. These

are actual photographs of this sedimentation, but speeded up. The
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' stremgth of the solution is quite important. It must be maintained to

standard because the ultimate height of the sedimented column will vary
depending on the strength of the solution also, the water used should be
free from any other salts or alkalis. Distilled water is, of course, pref-

erable. First, note the top of the column of clay suspension. The op-

- erator makes a note of the height, and then drops in the depth gauge

which has a circular foot of one square inch area -~ 1, 000 grams of
weight on it, lowered until the sand supports it. This is a very definite
point. It is not at all a delicate evaluation. When the depth gauge comes

to rest, you can't force it down by hand. There is usually a silt layer

" transition between the clay and the sand. The gauge will sink through

that until it rests on sand.

You can readily appreciate that what we're talking about here is

‘the volume relatienship; but it is only the volumes under the conditions

' of this test. The volume of water occupied by the clay after the end of

the 20-minute sedimentation, which is a function of the flocculation rate

of the clay, i.e. whether it is peptized or not, and the response to the

media in which it is sett.iing. The particle size and the quantity -~ all
of these things are integrated by this one operation. The strength of the
solution was adjusted so that about 5% of Bentonite would give about the
same sand equivalent reading as would 20% of Kalonite. That was indi-

cated to be about the equality between these two clays in terms of their

: potential detrimental effects. This scene shows the difference between

the two high and low sand equivalents,
This test was pickéd up by the French Department of Parts at
Chavesees. We built this shaker in California. I was attempting to im-

provise something; so here are two old automobile piston pads turned

upside down, mounted on the connecting rods with a motor agitating them.


http://www.fastio.com/

ClibhPDF -

www . fastio.com

17

I thought it was pretty good, but our boys weren't very enthusiastic about
it. It was a little bit heavy; so when the French Department, picked up
the sand equivalent test, they thought well of it, and put it to use in all
districts. In one of the Highway Departments in France, an ingenious
individual, came up with a shaker, and Monsieur Peltier sent us pic-
tures of it. So we promptly invented the French shaker and built it in
our own.Lab. This is our version of the design which was developed in
France. So this is a good example of reciprocity and "hands across the
sea'. We developed a test, they adopted the test, developed the shaker
and sent it back to us; so we build it. We have all of our district lab~
oratories equipped with this shaker, It is a very nice running piece of
e;:luipment; but due to the cam action, it produces a sort of sine curve,
There is no abrupt reversal at the end of the stroke, so this apparatus
is much less severe than the hand shaking. You have to make about 120
throws in this machine to give the same results that they get by ordinary

hand shaking at 90. These shots give a picture of the action inside the

.
tubes.

This is quite uniform. The results are reproducible, and our
modern young engineers like this sort of thing as there is no particular
effort involved.:

But Leif Ericson up in Idaho decided that $365. 00 for this mechan-
ical shaker is a little too much, so he comes up with this. You just
simply have to agitate it; then all you have to do is to watch it and main-
tain your throw about the same gach time. We promptly adopted this
one and have built about 50 or 60 of them, and are putting them out for
cur field men. The cost is low enough so we can afford to put one in
the hands of each resident engineer where he has to have one. It irons

out, considerably, the variability in the hand method. This is the
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device he's settingu'up on the table here if any of you wish to inspect it
more closely, later on.

"End of Film Commentary

We have a few more slides now to show you some correlations between
the hand operation and the mechanical devices, so that you can see what the
factors of correlation may be. I hope you will bear with rr%e jumping back and
forth from slides to motion pictures and back again. These siides were made

“up primarily to present at this meeting. Next slide please.
Here you see the curve showihg the differences -- the hand shaking series;
and then the one to the left -~ the mechanical shaker; then comes the Idaho

shaker, showing that there is a slight variation in the re sults of Idaho shaker

which is somewhat
100 0 '

P ‘ intermediate. As-

suming that results

80

in the mechanical de-

— |daho Shoker

vice are reproducible,

60

you can see the defi-

nite improvement by

x MOChanicul Shdkel’ either of the two me-
40 '

chanical devices as

compared to the hand

20

shaking. The differ-

PERCENT OF SAMPLES TESTED

=~ Hand Shaking

ences are not profound,

and an individual shak-

o |
2 4 6 8 ing by hand can produce

MAXIMUM DIFFERENCE BETWEEN HIGH AND .

LOW S.E. VALUES OBTAINED FROM THREE quite acceptable xe-

REPRESENTATIVE PORTIONS OF SAMPLE TESTED sults. Next please.
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MAXIMUM VARIATION FROM SAND EQUIVALENT

VALUES OBTAINED BY REFEREE METHOD.

{Values based on the average of three individual tests)
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Here the compari~

son between hand shaking

and the Idaho shaker

alone. Note the improve-

ment here in the varia-

tions. It is based on an

average of three individ-

ual tests in each one.

Next please.

This is a correla-

tion between the mechan-

ical shaker shown on the

horizontal scale, where

the ordinate is the sand

equivalent by hand shak-

ing. The points range all the way from sand equivalents represented by the

very low values on the left, mostly pure clay, up to practically clean sand on

the right. There were different operations, and some operators come closer

to 2 check than do others. What we're
now doing in California is that each
operator, who must operate this by
hand, checks himself against the mech-
anical shaker and finds out whether for’
his particular technique he should |
shake it 85, 90,‘ 95 or 100 times,
whatever he has to do to briné him-
self into better agreement with the

mechanical device.
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Next please.

20
This is a comparison of the <

‘ 60 I
mechanical shaker against the °

70

Idaho device. It gives a little

€0

IDAHO SHAKER

closer comparison all the way

: 3
. - - =
down the scale., For all practical g 9
g 40 7 =
p=3 -
purposes, this agreement is ex- 8 COMPARISON OF SAND EQUIVALENT
; : g %0 VALUES OBTAINED BY MECHANICAL
g /o AND IDAHO SHAKERS
cellent, 20 | ! .
{Valuss besed on 1he average of theaw Individogl tests)
) o
o
Next please, o 10 20 30 40 50 &0 70 80 =0 100
SAND EQUIVALENT —MECHANICAL SHAKER
{ Referes Methad)
: While this is out of the realm of the hot- 0.20

mix ‘industry, just to show you the correlation

that exists between the sand equivalent and

the drying- shrinkage of concrete sands. This

is a very good correlation showing the sand

equivalent horizontally and the increase in

driring- shrinkage vertically., There are other

factors that increase shrinkage but this rela-

tionship is so marked, that we are now requir-

ing that all concrete sands meet this test in

Drying Shrinkage — percent

order to keep our volume change and shrinkage

under control.

O SINSLE SARPLE R
& THWO OR MORE SAMPLES
I think that is probably all the slides now, /7 N SRADED OTTAWA SANO

100 0 80 70 €0

and I imagine I have about used up my time. Sand Equivalent

Sand Equivalent versus drying shrinkage.
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QUESTION AND ANSWER PERIOD

{(QUESTION FROM AUDIENCE): How does this.method compare with
hand washing? |

(MR. HVEEM ): I don't know. We got into the question of cleaning up
coarse aggregate fo;: concrete a year or two ago in which the specifications
say it shall be "agitated vigorously'. So we got some of these rocks into the
pan and agitated it vigorously, washed it, and glot 3% of dust. We put the same
rock back in again, agitated vigorously, and again got 3%. We kept this up
until the boys were worn out...ending up with 18% of wash material, getting
3% every time they did it. Then we decided that we had better standardize
the test, so that now we do all the washing in a metal pot on a Tyler sieve
shaker to get away from this personal equation of shaking. I don't know how
this agitation would compare with any other method. We were.ra.ther greatly
surprised to find out how much difference this shaking can make even within
the frame of reference of 90 strokes in the Sand Equivalent Test with the dis-
tance carefully regulated; and still certain individual operators would make
consistent differences.

We first startéd out with the idea that we wanted to break down all the
litfle clay balls and get everything off the stone or sand grains.. It is just the
idea of getting all clay and soft particles out of there. The first operation
was a hand rammer -~ a liéﬂe piece of steel, 1/4~inch wide on 2 rod. We
churned down thrbugh the sand with a great deal of vigor and energy usi;xg the
tamper or '"pestle" with a most strenuous action. I was guite sure we had
ground everything up, and I had to be convinced by quite a bit of evidence
that just simply shaking this cylinder back and forth would break the materials
down more than we were able to do with this steel rammer rammed down in
by hand. So I have acquired a hearty respect for the degrading effect of this

shaking action. We have to face the fact that, whether we can explain it or
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not, this is a most potent way of cleaning up and breaking down the materials.
I still don't know how this compares to any of the more orthodox methods,
| (QUESTION FI-{OM. AUDIENCE): Maybe.l should clarify -~ I'm talking
about preparing the methods used hére for cleaning up the aggregate, and how
" we contractors are going to meet that?
(MR, HVEEM): Oh well, you just put in a washing plant, and if one
wash1ng doesn't do it, then you run it through and wash it again.
o This generally does it. Down at Oceanside, where we have this sort of
thing, the producer had  a regular w-ashing plant; but the product didn't meet
spéciﬁca.tions, so then he put in another one. Now he's getting by fine. There
is no problem.
(QUESTION FROM‘AUDIENCE): Instead of being scientific all the time,
how can this stuff ilelp the contractor make more money in his business?
(MR. HVEEM): Y.ou know, Charlie Foster wrote this question back to
me, something like this, and I've been studying ever since how I could come up
..with an answer. I think the only tﬁiﬁg I can say is that I don't know. I don't
thini{ there is much doubt that the people who are buying the hot-mix can save
somé money, and what this will actually mean to the producer is difficult to
- say. ' _
| I fhink actually that this is almost entirely a question of the quality of
the final p_roduct, and all of you dealing with asphalt are aware of the fact that
" there is nothing tcf equal dust as a means of inhibiting the adhesion of asphalt.
One analogy that occurs to me is the practice of the Asphalt Ind;;stry' in
shipping air blown asphalt where they take a paper bag, coat the inside with
fcla,y and pour this hot a.spha.lt in at high tempera.ture. They a.rel able to strip
the paper off cleanly w1thout any adhesion at all simply by coating with Ben-
tonite, or some other clay-hke material. As an inhibitor against adhesion,
Il think that a film of dust is the most effective means known, and this is what

‘we are trying to eliminate,
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The sand eq;liva.lent test has been applied in our State for three distinct
purposes: (1) for untreated rock bases in order to avoid the preéence of lubri-
cating fines creating an unstable base; (2} for the asphalt mixes, it is used to
detect the presence of fines that are likely to exist as a coating on the coarser
grains, and (3) to prevent a.dh.esion and cause stripping. We have had in Cali~
fornia thre_e serious failures. You saw pictures of two of them here. We had
a third one near San Diego where a whole section went out, traceable simply
to the fact that all aggregate particles were coated with a tenacious coating of
clay-like material. We probably have had others we did not identify.

And finally, for Portland Cement concrete materials, we showed you a
definite correlation between the expansion volume change of the concrete as
against the sand equivalent values for the sand and against the cleanness
values for the stone.

So, there are three purposes for which we use these tests.

(QUESTION FROM AUDIENCE): I wonder if this putting-in of water-
washing equipm;:nt hasn't been exaggerated. It is my impression that prac--
tically any crushed stone will meet this without washing. Many of your local
sources make it without washing. ' I just kind of think that this particdar point
has been exaggerated beyond truth, and I would like to get some comments
from you or from some of the other people here who know about it?

(MR. HVEEM): Well, I think that it is definitely true that crushed
stone from any quarry on massive ledge rock should present few problems at
all.. We did run into trouble in one case where a commercial plant was pro-
ducing sand through a tube mill and were breaking up half-inch stone. The
sand they produced by this would not pass the tests, and I can still remember
the feeling that went over me when I saw the results. I feared that maybe we
had really pulled a boner at last, but when I examined the stone carefully we

found out that they were dealing with the clay cemented sandstone. When we
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ground up this sandstone, the clay that had served a;,s cementing agent since
was apparently just as active as it ever was. There was no doubt about the
material being adverse evén though it was produced by breaking up rocks. It
is possible to grind up stone into sand grains and produce very adverse fine

fractions, but this is rather rare. There is only one area in California where

" this occurs, but the majority of our crushed stone products are clean gravel
- and are no particular problem. We have large areas of the state in which this

‘is no problem at all. They meet the test without any difficulty whatsoever.

For those of you who are interested, we have -~ I believe they are out
in the lobby here -~ some samples which I brouglit along representing this
fine dust which remains in suspension after this test was accomplished. Many

of you might like to see just what we're talking about. Some of these have

' been wetted up so that they're paste~like, and others are dry.

If anyone here who is interested in good hot-mix work will stick his fin-

gersin that mud and rub it around and then stand up here and say this won't

- hurt an asphalt pavement, I'd like to see who it is.

(QUESTION FROM AUDIENCE): Mr. Hveem, I would like to ask one
question. Up in your sand equi{ralent of 79 or 19, I believe, would you try to
tell us where the good is? |

(MR. HVEEM): Well, 79 would be the ciea.n sand -- that is, a very good
sand for Portland Cement concrete. It would be better than 75, so 79 would
be virtually clean sand with nothing of any sort involved. 19 is definitely low.
"W'e think that for a stone base, gravel base, or anything of the sort, it should

not go below 30. The State of Arizona tried out this test and made hundreds

' of tests. I think they ran over 500 of them on which they ran the PI, and the

percentage passing 200, and the sand equivalent. I have a copy of this report.
Wa.yne O'Harre presented it a few years ago, if any of you are interested in
that correlation. They concluded that the test did put the finger on nearly all

of the materials with which they were having trouble.
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For road work - for asphalt mixes - we have allowed as low as 45, for
our better hot-mix jobs about 55. The specifications, I think are set very
close to what are considered acceptable limits.

Arizona, by the way, thought that we should set the sand equivalent
value at 35 rather than 30. They thought we were being a little too lenient,
but these are moot points. There are no absolutes involved here. It is a
matter of opinion or judgment what you would want to require.

(QUESTION FROM AUDIENCE): First, may I help with an answer as
to what this means doll_a.r-Wise, as a contractor. Two examples: QOne on the
Garden State Parkway - on black base construction we ran into a pit, called
Devil's pit. We had just exactly the conditions there he described; and if you
don't think that contrac.tor had to spend some extra money because the engi-
neers nor the contractor recognized why he was having difficuity both in the
plant and lay-down. Running these tests ahead of tirﬁe would have saved many
headaches for the contractor and for the engineers,

Another example that happened to us out in New Mexico around Gloriette,
where a section of the interstate ‘went bad in one winter, caught everybody --
the owner, the contractor, the engineers; so these things,‘ when used, do save
everyone money.

(MR. HVEEM): Thank you, Warren. I think this is definitely to the

point for any responsible industry in putting down materials of this sort, you

can be very much misled by the ordinary methods. One point, I touched on
here briefly, and which could well be elaborated on is this question of volumes
of material. All engineering specifications today are based upon weight, but
the weight which is expressed in a sieve analysis is most misleading; and you
may have a mixture which says you've only got 6% minus 200 mesh. Unless
yvou know what this 200 mesh is, this may be a quantity that will upset the mix-~

ture seriously; and I'm afraid it's not too well known, at least I'm expressing
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 California conditions. Our own people are too often unaware that, whenever

you have a fraction in the dust area that is abnormal, it affects the sieve anal-

yais of every fraction in the coarser sizes. This is always not recognized.

So you can have two materials in which the sieve analysis, as ordinarily re-

ported, may appéar to bé'identical and yet be actually very different. The

'quantities of asphalt and the stability can be profoundly affected so, as I gather,

that one of the prime interests of this group is in turning out a product which

. they can stand behind and guarantee, I think you can strongly urge that this is

a type of information that is easily obtained, quickly run and likely keep you

out of some very serious difficulties. If that's a method of saving money, 1

think that's the way it should be done. I probably should say too that when we

developed this test we were thinking about imported materials cut of borrowed
pits, sub-base materials etc. where there is the practical impossibility of our
engineers making the conventional tests fast enough. We were trying to de-
velop something that would permit us to grab a sample out of every truckload
t;hat went by and find out whether we were getting too much clay or mud so we
could do something about it while the‘ job was going on. This was the motive
when we started work on this test.

(QUESTION FROM AUDIENCE)}: Just one more question. You say that

the main thing in developing this test was ravelling, and may I ask how this

would eliminate gravity at other points?

{MR. HVEEM): I don't think that -~ of course you saw that one slide of
this road that was "potted out" and gone to pieces -- could be classed as ex-
treme ravelling. Actually this is a problem we're not having any longer. I

can't think of a job for several years where we've had anything of the sort, and

* the problem of unstable pavements is something we're not faced with any longer

either. I tried to find out from the boys in the laboratory the last time when

ithey had seen one of our jobs that were definitely unstable where there was no
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slip up or something and where something didn't go sour with the plant scales
(which can happen) but otherwise I think we've got this problem behind us. On
the problem 6f raveled pavement, I don't think we've had one, recently; so how
much of that is due to this test and how much is due to better all around con-
trol is a little difficult to state. We have had our problem, like everybody,
because every hardheaded construction engineer and resident engineer is quite
sure he can look at a mix and tell how much asphalt to put in it. We've run -
tests and made laboratory recommendations and he decides 'that looks too wet
to me, let's cut it down'!, or else "let's put some more in it!" if it looks dry.
We finally managed to get a letter out over the signature of the Chief Engineer
to the effect tﬂa.t it was as much as his job was worth if they fail to follow rec-
ommended asphalt contents; so now they're putting in what we say, and I think,
by and large, the results are better,

(QUESTION FROM AUDIENCE): Mr., Hveem, is it a practical process
if washing is too costly and your sand percentage is -~ can you stay within your
sand percentage to import a blend of better sand and blend with your sand ma-
terial and stay within your grading tolerances and get you a good sand equiv-
alent?

(MR, HVEEM): Oh, yes, it would be possible to bring material within
specification by importing a clean sand. This has been done.. Also, it'_s been
possible to remove excess dust by operating a drier to blow some of this dust
out of it; but, unfortunately, this sometimes works two ways. We've had cases
where the drier apparently removed the very fine sand and left the clay frac-
tions clinging to the particles. If there's moisture in the aggregate, there's
a good chance you may bake the clay on and really aggravé,te the situation. So,
whether or not the process of drying and blowing the dust out will reduce the
sand equivalent depends a good deal on the particular material. We've had it
work both Wa.ys.

- END -
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